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H e  is involved 

There is every reason t o  call  1971 the  year  of Mars: i n  t he  f i r s t  
place, in t h i s  year there  occurred a g rea t  opposi t ion of Mars, and astrono- 
mers d i d  not let the  planet  out of t he  f i e l d  of view of t h e i r  telescopes for 
n a y  iong months. I n  the  second place,  t h i s  year  was t he  year of the  launch 
and triumphant completion of the  f l i g h t  to Mars of t h e  Soviet  Mars-2 and 
Mars-3 spacecraf t ,  which i n i t i a t e d  an upsurge i n  t h e  d i r e c t  study of t h e  
atmosphcre and sur face  of the  fabled Red Planet. 

.IC already know q u i t e  a b i t  about Mars. The chemical composition of 
ii.s sLmsphere  has been determined in its broad out l ines ;  more or less reli- 

~ ~ t a  have been obtained on t he  value of the  atmospheric pressure and 
the transparency of t he  Martian atmosphere, and some da ta  08 t h e  topography 
of ir tdividual regions of the  su r face  have been derived. 
have been made of the density of tbe planet'e surface layer, and so on. 

Crude estimates 
Both 

a 
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long-term varied ground-based observations and observations from t h e  Mariner 
fly-by spacecraf t  have played a role f n  obtaining these deter, However, the i 
soltitlfo1i of the  bait problems of aerophysicr (frm the Creak Amos; Ares, 
the goci of war) i e  possgbly only with t h e  help of rpcscecraft operating for an ' 
cxten(lk*d t ime i n  a reocent r ic  o r b i t s ,  and wi th  the help of descent devices 
intended t o  measure the  p k m e t e r s  of the Martirag soil and to  study t h e  phps-i i i ea l  conditions p r e v a h n t  on the  planet.  The euccessfu l  accomplishment of o I 

! soft landing on Mars of the  descent stage of th% SovLet Mars;-3 spacecraf t  1 

phase of rapid revis ion of hypothesee pos tu la ted  over numy decades and the 
confiraation of e p e c i f i c  facta about the pu88Lbg world of Mars. 

* 

i n i t i a t e d  the phase of d i r e c t  investigatiom of thio planet, namely, the ! 

- icrief Information about hm 

: : ~ r e  we w i l l  list what is hown r e l i a b l y  about Maw. The Martian year  
: . a s k s  b87 terreatrial days, and the Martian days are 37 minutes 23 seconds 
li>ni:cr chan the terrestrial day80 
terrestrial day Mars l a b  90 of a complete revolution, and a terrestrial 
observer w i l l  only see B s p e c i f i c  d e t a i l  of the plane t  in t h e  same l oca t ion  
40 terrestrial days later (90 x 40 = W).  The inclination of t h e  axis of 
rotation of Mars to the  plane of its orbit Zs almost the same as for the  
Earth, namely, 66?1. A change -of t h e  seasons is obeerved on Mars j u s t  as on 
the Earth,  but  t he  Martian seasons are almost twice as long as t h e  terrestrid 
seasons- The planet ' s  equa to r i a l  d i m a t e x  fs e q d  to approximately 6800 km. 
The average dens i ty  of Mars is 3.9 g/cm3, the acce le ra t ion  due t o  s r a v i t y  is 
370 cm/sec2, and the  escape v e l o d t y  %s 5.2 Etsl/sec. 

The lattet f a c t  i nd ica t e s  t h a t  i n  one 

. -  

An atmosphere on Mars w a s  already de tec ted  at  the start of the cur ren t  

For three decades, w e  assumed that it w a s  
century. For various reasons, the  atmospheric pressure OLL Mars was determined 
earlier without much r e l i a b i l i t y .  
only ten times less than 011 t he  Earth, ~ ~ m e l y ,  about 100 mil l ibars .  To the  
chagrin of some, t en  pears ago i t  was necessary to lower th is  value categoric- 
a l l y  by'more than an Order of @tude. Thids revision was due to the fact 
t h a t  earlier t he  pressure was determined from data on the atmosphere's trans- 
parency, and then it turned aut t h a t  i t  is farpossible to & this, since the  
atmosphere of Mar8 is s t rongly  contaminated by aerosols such as dust p a r t i c l e e ,  
ice c r y s t a l s ,  and carbon dioxide gas. Since the pressure b determined only 
by the  purely molecular medium, t he  neglec t  of the aerosol component of t he  
atmosphere resulted in  exaggerated values of  the pressure. Thereupon, spec- 
t roscopic  methods which permitted excluding the effect of aerosoh were wed, 
and the average pressure on Mars t u n e d  o u t  to be 6 d l l f b a r s .  

I 

/' 

Radar and rpecttorscopic observationas have &own &at height  d i f f e F e n t i a h  

.' 

. 
exceeding 10 kaa occur rn the surface of Urn. 
essentially d i f f e r e a t ,  they both pasmss CefRp&Wabb Capebiutieg in  wu 
resolution and w%th rempect ta tb value of t;he t9oaMqg aume ea the pl-t'o 
surface. 
the distance from &e betruilmlt to the 09Ptrd gore- of rhe p m t ' 8  diek, 
give an aag\ller r-f p l r o f u  w$th a mwht%an of eetaerel- of 

d l tb~gh**e  m t h o d s  

b&r ob~ervathis, w U C &  u e  baed tm tiae Urect mnaaummmt of 

' .  
.. . e . . .  
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Map of the surface of Ura ( E m  POCO KulikmmBtfy's book Amateur 
Astronomer's X a n d b d ,  N a u h  Press ,  1971). 

stage on D e d e r  2, 1971, fs  fndfcated by an armtu. 
map soutb i s  up and weat i.s t o  the rQht.) 

Tlm sfte of the 
soft  lading -(8S0 So, 1580 W.) df the Mars-3 spaceczaft descent -- 

. .  (On thfs 
\ 

. kilometers for the cent ra l  parallel of Mars. 
permits recording the ins tan ts  of transmiesion and reception (reflected from 
the planet) pubea  with an accuracy which corresponds to approximately a kilo- 
meter of a l t i t ude  at the surface of Mare. The spectroscopic re l fe f  measure- 
ments are based on t he  detarsPirratioa of the amount of gas in the l i n e  of 'eight 
above different  regiom of the surface. It fe edden t  that there is more gas 
i n  depressions than on protuberances. 

Contemporary radar equipment 

Successful ezperieaeats with the help of the Mariner spacecraft 
szgntficantly supplemented the arsenal of topographic data referred to  coarp- 
ativeiy small features of the surface. 
nunbcr of new exceedingly interest ing peculiari tfeg of the st ructure  of the 
Xartian surface. Thus, taking account of the macrorelief, the 8twogph@ric 
pressure on Mars can vary from 1 to 1042 roillibars. ApproximatsLy 25% of 
thc siurfaco of Mars ia covered by the dark rpom of the Martian "maria." 
has been w e l l  deternrilaed that their awerage eonerast w%& tbe &Joining br igh t  
"continent" re&- lg 30-40%, and that they are maqbef thaa tbe centinente. 
The density of tke metepid in the eurfaee layer OQ t&e ooatbmr: ie estimated 

ate indicatitms that the Qeaeity of the materfal 
maria te st~mmvbt t b a ' f i s  ch. aes-. 

Thwe data led to the diecovery of a 

I t  

os the b a s h  of radtaastrcolsesllieal obstsrvatiaw rn be Q.+L.S Q/espp 's . There 
r)lBft edacu wet i s  the  

. .  . . . . ..-. * - .. . . ... 

3 





T h e  atrnospnere of Mars cons is t s  mainly of carbon dioxide gas, and t h e  
amount of ni t rogen,  i f  i t  is  present,  does not exceed a f e w  percent .  The 
amount of water vapor i n  the atmosphere of Mars is very low, and is equivalebt 
t o  a layer of prec ip i ta ted  water w i t h  a t h i c k n e s s  of 5-10 microns. Oxygen and 
ozone have not  been detected i n  t h e  Martian atmosphere. v 

ind ica tes  t h a t  Mars is not  protected from u l t r a v i o l e t  rad ia t ion  i n  t h e  1700- 
300 8 spectral region (as is well known, mainly ozone serves  as t h e  barrier 
on Earth).  The atmosphere of Mars is capaLle of s i g n i f i c a n t l y  absorbing t h e  
u l t r a v i o l e t  rad ia t ion  only i n  the 100-1700 8 region. 
accomplished by carbon dioxide gas. There is an u l t r a v i o l e t  window on Nars 
i n  t h e  ozone absorption region, and i t  appears  t h a t  the  window is w i d e  open. 
It breathes death on whatever b io log ica l  forms are on t h e  planet.  But l i f e  
is tenacious and capable of put t ing  up a strenuous s t rugg le  f o r  i ts exis tence  
on Nars i n  the  presence of the  open u l t r a v i o l e t  window i n  the  ozone absorp- 
t i on  region. 
encountering a t  least the most pr imi t ive  l i f e  forms on Mars. 

The l a t t e r  f a c t  

This absorption is 

Thus, the da ta  c i t e d  above s t i l l  do no t  e l iminate  hope of 

As f o r  the climate of Mars, i t  is not  r e a l l y  very severe. The two 
fac to r s  which bas i ca l ly  determine i t  are the  p lane t ' s  d i s tance  from the sun 
and the densi ty  and composition of t he  Martian atmosphere. 
dis tance from the sun, the temperature of the  equa to r i a l  regions a t  the  
Martian noon is c lose  t o  OOC. 
Martian atmosphere a t  its base j.s 20-30° lower than t h e  temperature of the 
surface.  The evening or  
morning temperature  of the  sur face  of Mars is approximately SOo lower and 
t h e  nighttime temperature ( t h e o r e t i c a l  estimates) is lower by more than looo, 
so t h a t  t h e  d iurna l  temperature va r i a t ions  on Mars are f a r  l a r g e r  than on the  
Earth. 
and by the thermal conductivity of the  Martian so i l ,  which is lower than the  
Ear th ' s .  
help of the Mariner spacecraf t  of t he  temperature of the  polar region of Mars 
a t  t h e  t i m e  when t h e  polar  cap w a s  s i t u a t e d  there.  
temperature the re  is about -130OC. 
such a tempera ture  under the  conditions on Mars. 
clusion w a s  drawn t h a t  the  polar  caps cons is t  of carbon dioxide. 
conclusion is i n  need of add i t iona l  confirmation. 

A t  Mars' average 

It is i r t e r e s t i n g  t h a t  t h e  temperature of the  

There is almost no such d i f fe rence  on the  ear th .  

This f a c t  is explained both by the  proper t ies  of the Yartian atmosphere 

Quite recent ly  a successfu l  measurement was car r ied  out  with the  

It w a s  found t h a t  t he  
Carbon dioxide gas shoidd freeze out at  

From these data,  the  con- 
But t h i s  

All the enumerated da ta  have been derived prior to the great opposition 
of Mars i n  1971. 
period? 

What new f a c t s  w i l l  w e  f i n d  ou t  about Mars during t h i s  

The Great Opposition 

A t  the times of the  g rea t  opposit ions,  which occur every 15-17 years, 
the dis tance between Mars and the  Earth is decreased to  approximately 66 
mil l ion  km. P,5 the t i m e  o f  "ordinary" oppositions, which occur approximately 
every 26 months, the Earth-Mare dis tance  is about 80 million kilometers,  on 
the average. Thus, during the period of a great opposition, very favorable 
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conditions e x i s t  f o r  a wide  va r i e ty  of i nves t iga t ions .o f  the planet  over an 
extended time, including inves t iga t ions  f o r  the  s tudy of various fea tures  on 
t h e  disk of Mars. 
these periods correspond approximately t o  one and the  same time of year  on 
Nars, spec i f i ca l ly ,  when spr ing  is changing i n t o  summer i n  t h e  p l ane t ' s  
southern hemisphere. 

One of t h e  d i s t i n c t i v e  fea tures  of grea t  opposit ions is khat 

\ 

In  1971, the minimum dis tance between Mars and the Earth occurred on 
August 1 2 ,  but astronomers had undertaken t h e i r  observations by June i n  order 
t o  secure as broad a period as possible  of the spring-summer season i n  the 
southern Martian hemisphere. We recall t h a t  the  day of the vernal equinox 
f o r  t h e  southern hemisphere of Mars w a s  May 16,. and the  day of t he  summer 
s o l s t i c e  was October 9 ,  1971. 

Noticeable changes usually occur on Mars j u s t  a t  the  period of the g r e a t  
opposit ions:  
Sometimes the  shapes and brightnesses of ind iv idua l  regions of the Martian 
sur face  vary, and, f i n a l l y ,  dust  storms develop which r e s u l t  i n  a rapid 
decrease i n  the  transparency of i ts  atmosphere over enormous regions of t h e  
planet .  
t he  g rea t  opposit ions of 1924, 1939, and 1956, and also of t h e  general  
meteorological s i t u a t i o n  on the  planet  during many ordinary opposit ions,  has 
made i t  possible  t o  formulate the  most important problems f o r  observat ions.  
of mars during the g r e a t  opposit ion of 1971. 

an in tens ive  melting of t he  southern polar  cap is observed. 

The study of the da t a  from many d i f f e r e n t  observations of Mars during 

* 

As e a r l y  as 1970, the Commission on Planetary Physics of t h e  
Astronomical Council of t he  USSR Academy of Sciences discussed and confirmed 
a plan of observations of Mars i n  our country by ground-based methods f o r  
the period of t h e  g rea t  opposit ion of Mars. Taking i n t o  account the f a c t  t h a t  
t h e  height of Mars above the  terrestrial horizon was comparatively small  fo r  
t h e  t e r r i t o r y  of the  USSR during the 1971 opposit ion,  observations were 
carried out primarily a t  the  southern observator ies  of our country which are 
equi?pcd  with l a rge  instruments,  s p e c i f i c a l l y ,  a t  the  Crimean Astrophysical 
Observatory of the  USSR Academy of Sciences, the  Shemakhinskaya Astrophysical 
3bservatory of the Azerbaijan SSR Academy of Sciences,  and a t  the  Astrophysi- 
tal I n s t i t u t e  of the  Tadzhik SSR Academy of Sciences. Some observations were 
also ca r r i ed  out a t  the  Kharkov University Astronomical Observatory, a t  the  
Xain Astronomical Observatory of t he  Ukrainian SSR Academy of Sciences in Kiev, 
and a t  o the r  observatories.  

' 

Tens of thousands of t e l ev i s ion  photographs of Mars were obtained a t  
: h ~  Crhean  Astrophysical Observatory, which have l e d  t o  de ta i l ed  monitoring 
ef thc condition of t he  Martian atmosphere by recording and t rac ing  tGe 
devdo?xent of various kinds of cloud fea tures  and by making e8timates of the 
rrsnsssrcncy of the  Martian atmosphere i n  various s p e c t r a l  regions, Together 
2; L!; ;.icronomers of the  Main Astronomical Observatory o f  t h e  Ukrainian SSR 
~cad*,.:r.y of Sciences, they also carried ou t  important po lar iea t ion  observations 
of tne disk of Mars which have yieldc.3 independent estimate8 of the proper t ies  
and concentratioc of aarosole in the Wartian atmosphere. 
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Descent state of the  Mars-3 spacecraf t .  
\ 

The astronomers of t he  Kharkov Astronomical Observatory, together w i t h  
t h e i r  coworkers of the  Astrophysical I n s t i t u t e  of t h e  Tadzhik SSR Academy of 
Sciences,  completed a broad program of photometric observations,  along with 
the  astronomers of the  Main Astronomical Observatory of the Ukrainian SSR 
Academy of Sciences and the  s c i e n t i s t s  of t he  Shemakhinskaya Astrophysical 
Observatory of the  Azerbai-jan SSR Academy of Sciences, where observations 
were car r ied  out on one of the l a r g e s t  telescopes i n  our country, the 2-meter 
r e f l ec to r .  The in f r a red  spectrophotometric observations of Mars which V. I .  
Xoroz car r ied  out i n  the  C r i m e a  are of grea t  i n t e r e s t .  
consisted of measuring the i n t e n s i t y  of the  in f r a red  molecular bands of 
carbon dioxide gas a t  various regions of t h e  Martian surface.  
atmosphere of Mars cons i s t s  mainly of carbon dioxide gas,  height  d i f f e r e n t i a l s  
on t h e  Xartian sur face  can be determined under the  conditions of t he  r a r i f i e d  
Martian atmosphere from variations i n  t h e  i n t e n s i t y  of t h e  C02 bands on t h e  
d isk  of Mars. 

These observations 

Since the 

On the bas i s  of the unanimous conclubion of the  observers,  the  atmos- 
phere i n  the v i s i b l e  spectral region had its usual  r a the r  high transparency 
up t o  t h e  middle of September. In  cont ras t ,  the  dark regions of the Nartian 
m r i s  wer2 examined, and the p i c tu re ,  f ami l i a r  t o  the  observer 's  eye, of a 
gradus1 worsening of the  v i s i b i l i t y  of the maria w a s  noted towards t h e  
shortez wavelengths. 
sur face  of Mars 1s a l i t t l e  more than two orders  of magnitude lese than on 
the Earth (euch a pressure occurs a t  an a l t i t u d e  of about 35 km i n  the  
terrestrial  atmosphere) . 
atmosphere should be almost completely t ransparent  to  v i s i b l e  l i g h t ,  and in 
genera l  we would not be able t o  record it by visual or photometric obsenrations.  

As is now w e l l  known, the atmospheric pressure at' the  

For such an atmospheric pressure,  a purely gaseous 
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FigurL8 C * J ~  t ions from preceding page : 

Top: Layout of t h e  in te rp lane tary  t r a j ec to ry  of tho Mare-2 end 
bhrs-3 spacecraf t :  1, 2, 3 - t r a j ec to ry  correct ions;  4 - 
separat ion of the clcsccnt s tage  from t h e  o r b i t a l  s t a t i o n ;  and 
5 - decclerat ion of the s t a t i o n  and t r a n s i t i o n  to  an o r b i t  abi 
i t 'satell i te of Mare. 

Bottom: Layout of the  landing of t h c  Mars-3 descent s tage:  
1- separat ion of the  descent s tage ;  2 - f i r i n g  of the  descent 
s t a g e  motor; 3 - aeradynamic braking; 4 - parachute descent;  
5 - f i r i n g  of the  s o f t  landing motor and parachute deployment; 
and 6 - the descent s t age  on ' the  sur face  of Mars i n  its opera- 
t i n g  posi t ion.  
is indicated by the  dashed lice. 

The nominal boundary of t h e  atmosphere of Mars 

Nevertheless,  an atmospheric v e i l  of va r i ab le  densi ty  is almost always 
observed on Mars, and cloud fea tures  of various kinds are ce r t a in ly  recorded. 
These facts  ind ica t e  t h a t  f i n e  aerosols f l o a t  i n  the  r a r i f i e d  gaseous enve- 
lope of Mars and t h a t  these aerosols  increase the  o p t i c a l  densi ty  of the  
atmosphere. Variations i n  the  densi ty  of the aerosol medium on Mars can be  
found by means of a comparison of the  con t r a s t  of the maria during various 
observation periods.  The g rea t e r  the atmosphere's optical densi ty  is ,  the 
atmosphere i t s e l f  evident ly  becomes b r igh te r  as a result of the s c a t t e r i n g  
af  l i g h t  by the atmospheric particles. If l i g h t  cont ras t s  on the  p lane t ' s  
sur face  are observed through such a sca t t e r ing  atmospheric v e i l ,  t h e i r  t r u e  
values w i i l  be more s t rongly  b lur red  (snoothed, fogged) i n  the case of a 
aeasurement from outs ide  as the atmospheric v e i l  is more in tense  (denser). 
I n  t h e  case of the usual transparency of the Martian atmosphere, maria on 
Mars observed i n  the  red s p e c t r a l  region are almost twice as dark as the  
continents.  During these periods,  t h e  transparency coef f ic ien t  of t h e  
Martian atmosphere is close t o  0.99 ( fo r  a cloudless atmosphere, the  Earth 's  
coe f f i c i en t  i n  t h i s  spectral region is % 0.80). 
con t r a s t s  disappear completely, o r  more l i k e l y ,  decrease below de tec tab le  
l i m i t s ,  the  transparency coe f f i c i en t  of t he  p lane t ' s  atmosphere has t o  decrease 
t o  approximately 0.1, as is the  case during the  periods of the  v io l en t  dust\ 
s tormS . 

I n  order t h a t  the Martian 

A comparison of t h e  cont ras t s  made during June-August, 1971, did not  
show any not iceable  change i n  the i n t e n s i t y  of t he  equatorial band of Nartian 
maria. 
transparency in June-August of 1971, and the  absence of a darkening of t h e  
maria of the southern hemiephere of Mare during the spring-rummer perit& 
The latter circumstance requires a new careful verification which can be 
carried o u t  only after the f ihal  reductionof a l l  the numerow long-tam photo- 
metric observations. 

This r e s u l t  ind ica tes  both the  constancy of the Martian atrnosphere'a : 

The question is, what did the former observations 



i nd ica t e  about t h e  seasonal var ia t ions  of cont ras t s  of the Martian maria, 
Hypotheses (including b io log ica l  ones) e x i s t  with respect  t o  t h e  n a t u r e  of 
t h i s  phenomenon, and probable agents a r e  invoked on t h e  sur face  o r  i n  t h e  
atmosphere of Mars which a r e  capable of producing the darkening of the maria 
a t  the height of spr ing i n  the  p l a n e t ' s  southern hemisphere,  i .e . ,  during 
t h e  period of the rapid decrease i n  t h e  dimensions of t h e  socthern polar cap. 

I n  t h e  second half  of September,  the  transparency of t h e  atmosphere of 
?hrs i n  the red s p e c t r a l  region s t r o n g l y  decreased, as is shown by t he  sharp 
worsening of the v i s i b i l i t y  of the  Martian maria as w e l l  as  by t h e  s i g n i f i c m t  
decrease i n  the polar iza t ion  of the  l i g h t  r e f l ec t ed  by the planet i n  t h e  
d i r ec t ion  of the observer. 
provide more s p e c i f i c  information on the  o r i g i n  and development of the v i o l e n t  
dust  storm on Mars, which f o r  many weeks obscured from the observer 's  view 
the  dark features or ' the Martian sur face  over almost the  e n t i r e  observable disK 
of t h e  p l a n e t .  However, by now i t  is poss ib le  t o  confirm tha t  t h i s  phenomenon 
occurs only a t  comparatively rate periods corresponding t o  a speci i ic  time of 
year  on the p lane t ,  It is  s u f f i c i e n t  t o  recall t h a t  a t  the end of August i n  
1956 ( the  year of the  preceding g r e a t  opposit ion of Mars), i.e., a t  approxi- 
ma te ly  the  same seasonal  period, a similar but  possibly less prolonged p a t t e r n  
w a s  obssrved on Mars. S t t l l  ear l ier ,  during the  period of the  g rea t  opposi- 
t i o n  of 1924, the  French astronomer Lyot  a l s o  recorded s i g n i f i c a n t  dus t iness  
of the  Martian atmosphere by means of po lar iza t ion  measurements . 
ordinary opposit ions,  i.e., a t  o ther  seasonal periods on Mars, no t  enough 
r e l i a b l e  ind ica t ions  of any s i g n i f i c a n t  dust  storms hare  been obtained. 

A de ta i l ed  study of t he  observational da ta  w i l l  

During 

The observations of 1971 w i l l  undoubtedly expand the  p o s s i b i l i t i e s  of 
i n t e rp re t ing  t h i s  exceedingly i n t e r e s t i n g  phenomenon on dars, which w i l l  be of 
grea t  s ign i f icance  both f o r  understanding the  meteorology of Mars and f o r  
posing new problems i n  the inves t iga t ion  of the planet.  A g r e a t  dea l  of d a t a  
ind ica t e  t h a t  the  sharp increase i n  t h e  aerosol content i n  the  MartL-1 otmos- 
phere during dust storms is ac tua l ly  associated with the blowing off from t h e  
sur face  and the  t ranspor t  i n t o  the  p lane t ' s  atmoc2here of a huge amount of 
f i n e  particles (several  microns i n  diameter) of mineral  dust .  
cerning the o p t i c a l  densi ty  of t he  aerosol  medium during the  period of dust  
s t o m s  and concerning the  durat ion of these storms should answer the  questions 
about the force of the winds and the  nature  of the  atmospheric c i r cu la t ion  on 
Xars a t  t h i s  seasonal period, as w e l l  as c e r t a i n  proper t ies  of the  p lane t ' s  
surface.  

The da ta  con- 

The appearance on Mars of the  so-called v i o l e t  clouds a t  the beginning * - 
of August 1971 w a s  somewhat unexpected to  astronomers. Such clouds usual ly  
appear  a t  the morning and evening limbs of the  planet's disk in the  fqnn of 
b r i g h t  features.  
nost v i s i b l e  i r . r  t he  violet region (from which t h e i r  name i s r  derived) and 
gradually disappear towards the  red spoctrel  reggon, o m  can draw the conclu; 
sfon t h a t  the cloude conaist of very f ine  p a r t i c l e 8  (leas than a hundredth 
of a micra in diameter). Oa the b a s h  of the cheorical composition of tho 

Already, on t h e  bas i s  of t he  f a c t  t h a t  these clouds are 
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atmosphere of Mars and the  most probable run of temperature and pressure  with 
a l t i t u d e  i n  its atnosphere, one can assume t h a t  the v i o l e t  clouds cons i s t  of 
carbon dioxide gas crystals. 
upper  l ayers  of t he  Martian atmosphere, but t h e i r  concentration is increased 
i n  the coldest  regions of the planetary disk. 
explain t h e  l oca l i za t ion  of t h e  v i o l e t  clouds primarily a t  the morning and 
evening limbs of the  disk of Xars. During ordinary opposit ions,  t h e  v i o l e t  
clouds are always easily v i s i b l e  on the  d isk  of Mars, but on t h e  o ther  hand, 
during the  g rea t  opposition t h e i r  pre.cence is a very rare phenomenon. 
e rample ,  during the  five-month period of the 1956 observctions, these f ea tu res  
were completely absent on Mars. 
ac t iv i ty  of the v i o l e t  clouds on Mars w a s  r a t h e r  high. This new observat ional  
fact permits  an extensive refinement of t he  physical  conditions in t he  high 
layers of the  Martian atmosphere a t  various times of the  Martian year. 

Aerosols of CO2 are constantly present i n  the 

I n  t h i s  way, i t  is possible  t o  
; 
! 

For 

During the most recent  g r e a t  opposit ion,  the 

More D e t a i l s  about t he  D u s t  Storm on Mars 

What does t h i s  phenomenon on Mars represent ,  t h i s  dense atmospheric ve i l  
i n  which for seve ra l  days the  g igan t i c  spaces of the  dark Martian maria cus- 
tomary to  the observer's eye are "submerged"? 
ca r r i ed  t o  an a l t i t u d e  of several kilometers and what is its course? 
m u s t  t he  winds on Mars be in order  t o  make its atmosphere so tu rb id  on a 
global  scale i n  such a small t i m e  i n t e rva l?  

Bow much f i n e  dust  has been 
How s t r o n g  

The average dis tance of Mars from the  Sun is about 227.8 mill ion kilometers,  
bu t  t h e  elongation of the  Martian o r b i t  is approximately 6.5 times grea:er than 
t h a t  of t h e  terrestrial o r b i t  ( the eccen t r i c i ty  of Mars' o r b i t  is 0.093). For 
t h i s  reason, t he  d i f fe rence  between the maximum and minimuni Mars-Sun d i s t ances  
amou~ts t o  more than 40 mil l ion  'kilometers. This f a c t  i nd ica t e s  t h a t  t he  
anount of s o l a r  energy incident  & t he  planet  a t  its minimum dis tance  from the 
Sun is approxiiuately 35% g r e a t e r  than a t  its-amximum distance. 

The g rea t  opposit ions of Mars occur exact ly  at the periods of the plane t ' s  
m i n i m -  d is tance from the Sun and correspond to  the  spring-summer season in 
the southern Martian hemisphere. It is prec ise ly  the  southern hemisphere of 
Xars which is almost ha l f  covered by the  dark f ea tu res  of the  Martian maria, 

.wh-' &.-. -'r 
ing continents. 
~ C J K C C .  i ~ p  t o  a m a x i m u m  extent .  in one hemisphere, which should lead  to  an 
rrnono!ous strengthening of the  air c i r cu la t ion  on the  planet. 

reflect v i s i b l e  sun l igh t  approximately two times worse than t h e  surround- 
Thus during the g r e a t  opposit ions,  t he  sur face  of h r s  is 

- 
I n  the absence of dust  storms, t h e  wind velccities on Mars evident ly  

a t t a i n  40-50 m/sec. 
the aac ro re l i e f  of t he  surface,  the wind ve loc i ty  can s i g n i f i c a n t l y  exceed 100 
m/sec. The densi ty  of the  Hartian atmosphere at the  surface is approximately 
100 times less than the degslty of the Earth's atmosphere, and consequently the 
force of Martian storm winds b app oldmately an order of magnitude less than 
at the  Earth's surface wit&.a asodexnte wind. Nevertheless, i f  one takes into 

Hmever, during the  anomalous periods,  taking i n t o  account 



account r;he extreme dryness of t h e  Nartian climate and the  approximately 2.5 f 
tincs smaller g rav i t a t iona l  acce lera t ion  compared t o  tha t  at  the  Earth 's  Bur- i 
face, i t  becomes evident t h a t  the Martian winds a t  t h e i r  m a x i m u m  possible  
velocfcics are capable of blowing off from the sur face  and carrying t o  g r e a t  , 
a l t i t u t h s  and dis tances  s i g n i f i c a n t  masses of f i n s  dust. 

) 

\'.?rious estimates show t h a t  a t  the  times of t h e  dust  storms, the 
: .-.xs:I 1 ccncy of the Martian acmosnhere i n  the  v i s i b l e  spectral region becomes . 

- .  ..- u r * ~ . i l  
Lr!dd .:.-;timates ind ica t e  t h a t  during t h e  periods of the  dus t  storms there are : 
scveriii n i l l i o n  tons of dust ,  with an average dust  particle radius of seve ra l  
microns, i n  the  atmosphere of Mars. 

times less than the  transpareccy of t he  Earth 's  .cloudless atmosphere. - 

During the  period of t h e  drrst storm observable on Xars a t  t h e  t i m e  of 
tha  g rea t  opposit ion of 1956, i t  w a s  es tab l i shed  t h a t  t he  r e f l e c t i v i t y  of t he  
dust  cover a t  various wavelengths is t h e  same as t h a t  of t he  b r igh t  contin- 
eats of ?brs i n  the  absence of t he  dus t  storm. This fact ind ica t e s  t h a t  t h e  
brighL Nartian continents,  which occupy about 75% of t h e  entire sur face  of the 
planet ,  are t h e  source of t he  dust  on Mars. 

. 

A s t r i k i n g  d i s t i n c t i v e  f e a t u r e  of Mars is the f a c t  t h a t  by the next 
encounter with the planet ,  i.e., by the next opposit ion of Mars a f t e r  the  
opposit ion with a recorded dust  storm, w e  again see with the  usual  contrast-. 
the  dark Martian maria wi th in  t h e i r  former boundaries. There is the puzzling - 
process of t he  renewal of t h e  Martian maria. 
then  once and for a l l  during t h e  numerous dust  storms? 
of t h e  puzzles of Mars, which has  produced a number of tempting proposals con- 
cerning the  p o s s i b i l i t y  of t h e  ex is tence  i n  t h e  Martian maria of a t  least t h e  - 
lowest forms of vegetation or microorganisms. 

Why i s n ' t  t h e  dust  ab le  t o  f i l l  
I n  t h i s  fact l ies one 

Unfortunately, w e  do not  know the  ex ten t  to which the  scale of the dust  
storm on Mars i n  1971 is comparable with similar phenomena on the  planet  t h a t  
have been observed during the  p a t  g r e a t  opposit ions of 1924, 1939, and 1956. 
At those t i m e s ,  no one succeeded (for various reasons) i n  recording the trans- 
parency of the  Martian atmosphere for  as long a period as i n  1971-72 before  
and after the  da t e  of Mars' opposit ion,  which is due t o  the  inves t iga t ion  of 
the  p l a n e t  by spacecraf t .  

The unforeseen duration of the  dus t  storm p a r t i a l l y  lowered the  infor-  
rnation content of t he  photographic and photometric observations of Mars from 
o r b i t a l  spacecraf t .  Because of the  dense dust  cover for a long t i m e  it  w a s  
impossible t o  obta in  clear photographs of sur face  d e t a i l s .  
hand, the r i c h e s t  material concerning the proper t ies  and duration of a -dust 

' 

But on t he  other I 
- 

storm proved to  be  i n  our hands; i t  &ll 
physical  conditione on the planet and i n  
meteorological conditions of the Martian 

assist both i n  the study of &e 
a more reUable predictioa of the , i 

. \  . .  atmosphere. . .  

I *.--. , . ..-. . . .. . . 
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The New Phase in the Ii ivcstigation of Mars 

Xow each new grea t  conquest of planetary astronomy is inext r icably  t i e d  

science of the  moon and the p l a n e t s  neares t  the  Earth has been approached,: 
t o  \e achievements of cosmonautics. In  only a l i t t l e  more than 10 years ,  
t l i  
with tiis h e l p  of spacecraf t  and probes, completely f a c t u a l  knowledge about 
the  nature  of these objec ts  of the  solar  system. 

! 

With the accomplishment of a soft landing on Mars of the  descent stage I 

of the  Soviet  Mars-3 spacecraf t ,  an entire set of space experiment8 have beerr 
completed; they have opened up the  way t o  subsequent more thorough d i r e c t  
a e a s u r a e n t s  of the  physical  c h a r a c t e r i s t i c s  of the  p r inc ipa l ly  d i f f e r e n t  
planets.  
d i s t a n t  Mars with a l i q u i d  bu t  erratic gaseous envelope - these are t h r e e  
worlds extremely d i s s imi l a r  from one another which Soviet  spacecraf t  have 
already reached. 

The atmosphereless moon; hot  Venus enshrouded by a thick atmosphere,; 

I 

The sequence of space experiments with respect  t o  the Moon, Venus, and 
Mars r e f l e c t s  t h e  growth of engineering d i f f k u l t i e s  which i t  was necessary 
t o  overcome i n  accomplishing a s o f t  landing on t h e  sur faces  of t h e  planets.  

With respect  to  Mars, t h e  problem of landing w a s  solved by the successive 
appl ica t ion  of aerodynamic, parachute,  and reactive braking of  t h e  descent- 
stage. Based on the  conditions of a minimum weight of t h e  descent s tage ,  one 
physical pecu l i a r i t y  of Mars w a s  u t i l i z e d  t o  its m a x i m u m  in t h i s  instance, 
namely, the p lane t ' s  r a r e f i e d  atmospheric envelope. 

The descent s t age  car r ied  out  its landing between t h e  b r i g h t  cont inenta l  
i s l ands"  Phaetontis and Electris. One and one-half minutes a f t e r  the  landing, 
the sutomatic laboratory t ransmit ted to onboard Mars-3 s i g n a l s  about its s t a y  
an t h c  p lane t ' s  surface.  The Earth received the  voice of its messenger located 
on Xars zt a dis tance of about 140 mi l l ion  kilometers. The first Martian lab- 
ora tory  operated on Mars for less than one minute. On the whole w e  s t i l l  know 
f a r  too l i t t l e  about the  s p e c i f i c  small patch of the p lane t  onto which t h e  
s t a t i o n  descended and also about t he  meteorological conditions along t h e  
terminal segmeni; of the  s t a t i o n ' s  2escent t rack  t o  be  ab le  to cite accurately 
the reason f o r  the sudden termination of s i g n a l s  from t h e  Martian surface. 

I 1  

The region of Electris, l i k e  o the r  vast b r i g h t  i s l ands  s i t u a t e d  near the  
50th southern p a r a l l e l  and similar to  i t ,  has received almost no invest igat ion.  
I t  I s  only known t h a t  t h i s  is one of t he  reddest regions of t he  p l ane t .  
example, the H e l l a s  region, which is s i t u a t e d  on t h e  same p a r a l l e l ,  has almcmt 
the same color. 
d i a a e t e r  of about 1600 km) about 4 km i n  depth, and completely devoid of 
craters, i n  con t r a s t  t o  t h e  Hellespontus region adjoining it. 
is not excluded t h a t  H e l l a s  is a basin covered with a chick dust layer. 
ever, the photometric re la t ionship  of t h e  bright islands does not give any 
reasons for analogy with respect t o  their other JIaracteristics. 

For 

It is now known t h a t  t h i s  region is a g igan t i c  bowl (with a 

The poss ib i l i ty  
H a w -  

- ... ...-.. - ._ . . . - . 
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Mountainous region and f o o t h i l l s  in t he  equa to r i a l  region 
of Mars which were least covered by t he  dust  storm during 
the  photography. 
tude, ind iv idua l  regions of t h e  su r face  are covered by 
deep shadows, 

In t h e  evening w i t h  a low sun &ti- 

Having accomplished the  task  of separa t ing  the  descent s t age ,  the Mars-3 
I ,  
; 

spacec ra f t ,  l i k e  the  Mars-2 spacecraf t ,  proceeded to  carry o u t  a s c i e n t i f i c  
program of inves t iga t ion  of Mars from the  o r b i t  of an a r t i f i c i a l  satell i te.  
For about three months, abundant s c i e n t i f i c  information w a s  returned t o  the 
E a r t h  from on board the spacecraf t ,  about t he  p rope r t i e s  and composition of 
the  Martian atmosphere, its s t r u c t u r e ,  and the  o p t i c a l  and physical charac- 
teristics of the  p lane t ' s  surface.  Actually, the fact t h a t  t he  o r b i t ' o f  t he  .__ 
Mars-3 spacecraf t  has a l a r g e  e c c e n t r i c i t y  makes i t  possible  t o  study tire 
p lane t  from various distances and s i g n i f i c a n t l y  expands the range of problems 
being solved by both satellites, 
from various distances (from tene of thousands t o  eevsrd tbousand kilornatera) 

In p a r t i c u l a r ,  photographa of e r a  taken 

._. . . . .. 

It 



and a t  various angles of i l luminat ion and viewing make i t  possible  t o  carry 
o u t  a number of interes t i n s  inves t iga t ions  concerning the' macrorelief and ala0 
the  op t ica l  proper t ies  of the sur face  and atmosphere of Mars. 

The prolonged operation of the  spacecraf t  hac provided da ta  from 
s c i e n t i f i c  inves t iga t ions  over a s i g n i f i c a n t  p a r t  of the  Martian surfacer undor 
various conditions of Illumination and also under the conditions of t h e  I *  

Hartian night.  

S c i e n t i s t s  have only begun t o  process and analyze s c i e n t i f i c a l l y  the 
information obtained, bu t  i t  i s . a l r e a d y  possible  to  talk about the most 
important discoveries ,  among which the  most important is the establishment of 
t he  a l t i t u d e  dependence of the  atomic hydrogen and oxygen content i n  the  Mar- 
t i a n  atmosphere. 
but ion of atmospheric water vapor over various regions of t he  sur face ,  t he  
s t r u c t u r e  of t h e  thermal map over a considerable territory of Mars, t h e  deter- 
mination of t he  topographic c h a r a c t e r i s t i c s ,  the inves t iga t ion  of t h e  s t r u c t u r e  
of the  Martian surface,  and so on. 

Of exceedingly great s igni f icance  are the  da t a  on t he  d i s t r i -  ' ,  

The f i r s t  automatic stations i n  the  o r b i t s  of art if icial  satellites of . 
Xars and the f i r s t  s o f t  landing of an automatic laboratory on the  su r face  05 
the  Red Planet  are the  f i r s t  dec i s ive  s t e p s  of science OEI the path t o  a solu- 
t i o n  of the secrets of Mars. 3 - 
UDC 523.43 

Recent Information about Mars 

During t h e  period from January 22 to February 18, 1972, measurements were- 
continued from onboard t h e  Mars-2 and Mars-3 spacecraf t  of t h e  temperature of 
Mars' su r face  and subsurface layers ,  its relief w a s  invest igated,  and t h e  
c h a r a c t e r i s t i c s  of Mars' atmosphere and the space environment near the  p l ane t  : 
were determined. 

The da ta  obtained during t h i s  period show that t h e  dus t  storm has 
concluded. The contrasts of sur face  d e t a i l s  have increased i n  t h e  red and 
near-infrared regions. 

i 

The measurements have shown t h a t  t h e  temperature at a depth of several , 
j 

The pressure of the  p lane t ' s  sur face  l ies wi th in  the  range of 4-8 
tens  of centimeters from the  sur face  is p r a c t i c a l l y  independent of the  t i m e  
of day. 
m i l l i b a r s  i n  those regions where measurements have been ca r r i ed  out. I 

The boundaries of Mars' ionosphere have been determined. Its lower 
boundary l ies at an a l t i t u d e  of 80-110 kilometers. 
t i o n  increases  sharply with a l t i t u d e ,  and then decreases smoothly. 

The e lec t ron  concentra- 

The measurements which have been ca r r i ed  out have l e d  to the determinatdm 
of t h e  a l t i t u d e  dependence of atomic hydrogen and a .  oxygen over t h e  su r face  of ! - 
Mars . I -. . .> ... .. . ._..-..- . -_ ..._-. .__ ..-. .. .- 


